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name o (°C)
Amplicon size (bp)
1 WRKY1 WRKY1F GCCCGTCATCCTCCATCAAT 129 60
(EUB65424.1) WRKY1R CCTGCCCATCATCTTGTTGGT
5 HMA2 HMA2 F GCATCCGCTTATTTGGGCAG % 60
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(AY864925.1) ZIP1R AATGCAACCACCCAAGCCTA
4 18srRNA  18srRNAF GGAGTATGGTCGCAAGGCTGAAAC 133 61

(AHO001810.2) 18srRNAR CTCAATCTGTCAATCCTCACTATGTCTGG
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Table 2. Results of analysis of variance the effect of drought stress and zinc nanoparticles on the pattern of
expression of some genes in wheat cultivars

i s 313l a3 e e
SOV D.E Mean Squares
O : ZIP1 WRKY1 HMAZ
- 2 43.396™ 108.340" 2.358"
Cultivar
S 2 35.093" 3.573" 9.182"
Drought stress
S 035t 2 18.122™ 111.343™ 6.764""
Zn0O
o X e 4 37.101" 9.681™ 22.934™
Cultivar x drought stress
S0 es35L X6 4 12.275™ 9.307™ 4.436™
Cultivar x ZnO
S0 035X (St 4 13.827" 4.780™ 2.661™
Drought stress xZnO
b Jlite 6 19.020" 6.451" 3.372™
Interactions tripartite
Lot 47 0.433 0.241 0319
Error
) i e 15 - 2.07 1.48 1.87

Coefficient of variation

* % ns

MJ)&.L}GL_ZJw\ck.ujéé)‘é&mjéj.:&mr_\;%ﬁyi* ER
ns, " and **: Nonsignificant and significant at 0.05 and 0.01 of probability level, respectively.
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Figure 1. Mean comparison the interaction of drought stress and zinc nanoparticle on the relative expression of ZIP1 gene in
wheat cultivars
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Unit of gene expression is fold change. Columns with at least one common letter have not significant difference based on the
LSD test at a probability level of 0.05

O 0 @ 0.5 M1 Nanoparticle Zn (g/1)

= as
So b a S
—_ 40 - . fz e d o c
= L . fg . fg g B
= 35 1 hi j j =
E 30 -
= 25 -
= 20
? 15 A
= 10
g
- 5
e
= [v]
% %60 FC %35 FC %60 FC %35 FC %60 FC %35 FC
=
Heidari Mihan Sysons

Cultivars

<=Jm§ fGJ‘)JWRKYl ijdbﬁd)} e)J}ijJQIJ-u,:MJ J.;u.wj}‘ gri.}l:.ﬂ A_M..iLU—Y Jg.l
Figure 2. Mean comparison the interaction of drought stress and zinc nanoparticle on the relative expression of
WRKY1 gene in wheat cultivars
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Unit of gene expression is fold change. Columns with at least one common letter have not significant difference based on the
LSD test at a probability level of 0.05
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Figure 3. Mean comparison the interaction of drought stress and zinc nanoparticle on the relative expression of
HMAZ2 gene in wheat cultivars
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Unit of gene expression is fold change. Columns with at least one common letter have not significant difference based on the
LSD test at a probability level of 0.05
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Abstract

Under drought stress condition, the signaling system induces expression of certain genes to counteract
the deleterious effects of environmental stress. Among the essential micronutrients for plant growth
and development, zinc has an important role in many plant metabolic processes including gene
expression and stress tolerance. In order to investigate the effect of drought stress and ZnO on relative
expression pattern of some genes involved in abiotic stresses (including WRKY1, HMA2 and ZIP1 genes)
in wheat cultivars, a factorial experimental was conducted in pot condition based on a completely
randomized design with three replications. In this experiment, the first factor was three levels of drought
stress (35, 60 and 85% of field capacity), the second factor was three wheat cultivars (including Heidari,
Meihan and Sysons), and the third factor was three levels of ZnO (0, 0.5 and 1 g/I). According to the
results, with increasing the level of drought stress, the relative expression of WRKY1 and ZIP1 genes
in drought tolerant cultivar (Meihan), and also with increasing nanoparticle concentration over stress
time, the expression of ZIP1 gene in drought sensitive cultivar (Sysons) increased. The highest relative
expression of HMA2 gene was observed in Heidari cultivar under mild drought stress. Generally, the
expression of all three genes studied in tolerant cultivar (Meihan) increased under drought stress.
Increasing the expression level of HMA2 and ZIP1 genes could be related to the transfer of zinc to
consuming tissues and also, to increase the consumption of zinc in current metabolism of plant, which
is important in tolerance of wheat to drought stress.
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